Standard operating procedure for Sudan Red III in situ staining of cultured primary rat hepatocytes
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FAO
fatty acid oxidation
MTP
microsomal transfer protein
PFA
paraformaldehyde

PBS 
phosphate-buffered saline

RT
room temperature
VLDL
very-low-density-lipoprotein
1. Introduction

Hepatotoxicity, clinically manifested as, for example, cholestasis and steatosis, is the most frequent cause of drug failure during clinical trials as well as of withdrawal of approved drugs from the market (Gomez-Lechon et al. 2010; McKim 2010). Similarly, the liver was found as the most targeted organ in a survey of cosmetic ingredients analyzed by the SCCS (former SCC(NF)P) (Van Calsteren, 2010). These facts clearly underscore the importance of the evaluation of potential hepatotoxicity-inducing properties in the early development of new chemical entities, a process whereby in vitro tools play a crucial role. Cultures of primary hepatocytes are most appropriate in vitro systems in this respect, as they provide a good reflection of the hepatic in vivo situation and since they allow mechanistic studies at the molecular level (Elaut et al. 2006; Gomez-Lechon et al. 2010; McKim 2010).

The intracellular accumulation of neutral lipids, steatosis, is often triggered by drugs that affect the metabolism of fatty acids and/or neutral lipids. To be more specific, usually drug-induced impairment of mitochondrial fatty acid oxidation (FAO) occurs. Accordingly, some drugs are able to directly inhibit enzymes implicated in FAO reactions or sequester their cofactors such as L-carnitine or coenzyme A (Pessayre 2007; Labbe et al. 2008). Other drugs exert such an effect indirectly, by first inhibiting mitochondrial respiratory chain, which leads to a depletion of the oxidised cofactors necessary for (-oxidation. Yet a number of drugs inhibit microsomal triglyceride transfer protein (MTP) required for the formation of very-low-density-lipoprotein (VLDL). As a consequence hepatic VLDL secretion is hampered (Letteron et al. 2003).

Two different types of steatosis can be distinguished based upon histological examination i.e. micro- and macrovesicular steatosis. Microvesicular steatosis arises as a result of severe inhibition of mitochondrial (-oxidation and is characterised by the presence of multiple small lipid droplets within the cytoplasm of hepatocytes. In comparison, in macrovesicular steatosis a single yet large lipid-filled vacuole, which displaces the nucleus and other organelles to the periphery of the cell, is observed. Nonetheless, it is the microvesicular variant of steatosis that is considered as a life-threatening condition, associated with profound hypoglicemia and encephalophaty (Labbe et al. 2008). In contrast, macrovacuolar steatosis is a benign liver lesion, at least if it occurs during a short period. Persisting macrovesicular steatosis, however, renders the liver susceptible to further insults fascilitating evolution towards steatohepatitis, which is accompanied by hepatocyte necrosis/apoptosis, inflammation and fibrosis. This is mainly due to the fact that drugs causing steatohepatitis impair mitochondrial respiratory chain and thus stimulate generation of reactive oxygen species (ROS). Ultimately, oxidative stress induces peroxidation of accumulated lipids and production of pro -apoptotic and -fibrotic cytokines by inflammatory cells. Those two latter factors are thought to set off the pathogenic cascade leading to steatohepatitis (Berson et al. 1998). Presently numerous colorimetric or fluorescent assays are available, e.g. Sudan Red III staining or LipdTOXTM respectively, for in vitro detection of intracellular lipid accumulation. 
2. Purpose

The present standard operating procedure describes a protocol to detect one of the aspects of drug-induced cytotoxicity i.e. the intracellular accumulation of lipids or in other words steatosis, in primary rat hepatocyte cultures. It is based on the ability of a lysochrome, i.e. Sudan Red III diazo-dye to stain intracellular lipids. Additionally, subsequent application of hemalum, which is a complex formed by aluminium ions and oxidized haematoxylin, colours nuclei of the cells and thus enables their localisation. Red-coloured lipid droplets and blue nuclei are readily visible upon examination of the cells under a light microscope.
3. Scope and limitations

The current protocol comprises an assay to qualitatively examine chemically induced steatosis in primary hepatocyte cultures. Clearly, the timeframe and concentration range for incubation of the primary hepatocyte culture with the chemical under investigation highly depends on the purpose of the study and should be fine-tuned in preliminary experiments. The set-up of the cultures of primary hepatocytes, in casu from rat, has been described in detail previously and is beyond the scope of the current document (Seglen 1976; Papeleu et al. 2006). The assay described in this standard operating procedure is easily applicable and allows a simultaneous screening of multiple compounds and/or multiple concentrations of the same compound. However, with respect to the specificity of the assay, it should be kept in mind that Sudan Red III stain has a high affinity to a broad range of lipids and consequently does not discriminate between e.g. neutral lipids and phospholipids. This should be taken into account if one desires to determine the chemical nature of accumulated lipids in order to get more insight into the underlying pathogenic process. Therefore, it is of utmost importance to perform more than one assay or use a more specific assay, e.g. LipidTOXTM, when characterizing disruption of lipid metabolism induced by toxicants (Nioi et al. 2007). 
4. Method outline

Basically, the standard operating procedure outlined in this document consists of three steps, namely (i) formaldehyde fixation, (ii) Sudan Red III staining and (iii) haematoxylin nuclear counterstain. Practical details are provided for each of these three steps and are followed by some useful tips based upon our own hands-on experience.
5. Consumables and equipment

5.1. Products and reagents

- Haematoxylin solution:

• Haematoxylin (Merck 4305)



0.6 g


• KIO3 (UCB 1608)



60 mg


• KAl(SO4)2.12H2O (Fluka 60060)



5.28 g


• Distilled water 



100 ml

→
Dissolve the powders by slowly heating on a magnetic stirrer.

→
This solution should be protected from light.

→
This solution can be stored for 6 months at room temperature (RT). 
→
Discard if solution turns brown (over-oxidized from air) or purple (loss of acidity).
- Paraformaldehyde (PFA) 20% (w/v) stock solution:

• PFA EM grade (Polysciences 00380)



100 g


• PBS


500 ml


• NaOH 1N 


1.25 ml

→
Dissolve by heating up to 60°C on magnetic stirrer.

→
Filter by passing through a 0.22 µm filter.

→
Cool on ice.

→
Adjust the pH of this solution to 7.2 with HCl.

→
Aliquot per 2 ml in 15 ml centrifuge tubes.

→
This solution can be stored for 6 months at -20°C.

- PFA 4 % (v/v) stock solution:

• PFA 20% (w/v) solution



2 ml


• PBS


8 ml

→
Heat at 37°C till dissolved.

→
Use immediately.

- Phosphate-buffered saline (PBS):

• KCl (Merck 4936, Belgium)



200 mg


• KH2PO4 (Sigma 60347, Belgium)


200 mg


• NaCl (Merck 6404, Belgium) 


2.8 g


• Na2HPO4.12H2O (Merck 6579, Belgium)


3.1 g


• MilliQ-water (Millipore RO-4/45, Belgium)



1000 ml

→
Adjust the pH of this solution to 7.4.

→
This solution is sterilized by passing through a 0.22 µm filter.

→
This solution can be stored for 6 months at 4°C.

- Propylene glycol 85% (v/v) solution:

• Propylene glycol (Merck K24819278)



85 ml


• Distilled water


25 ml

- Sudan Red III saturated solution:

• Sudan Red III (Merck 1380)



700 mg


• Propylene glycol (Merck K24819278)


100 ml

→
Heat to 100 °C but not above 110 °C while constantly stirring.

→
Cool down and filter through 0.22 (m.

→
This solution should be stored at 60 °C for maximum 1 year.

5.2. Materials and devices

- Automatic pipets and tips (10 µl, 100 µl, 200 µl, 1000 µl, Eppendorf-VWR, Belgium)

- Analytical balance (Sartorius, Germany)

- Centrifuge tubes (15 ml, BD Biosciences, Belgium)

- Freezer (-80°C, Bauknecht GKMC3611, VWR, Belgium)

- Fridge (Whirlpool, 4°C)
- General glassware (VEL, Belgium) 

- Inverse-phase light microscope (Nikon Optiphot)

- Magnetic stirrer (Heidolph MR 3001)

- Oven (Thermo electron corporation, Heraeus, 60°C)
- Pasteur pipets (Bilbate, United Kingdom)

- Pipetor (Pipetus, Flow Laboratories, Belgium)

- Volumetric pipets (5 ml, 10 ml, BD Biosciences, Belgium)

- 6-well culture plates (uncoated, diameter of well 3.5 cm, BD Biosciences, Belgium)

6. Methods

6.1.  Formaldehyde fixation

1. 
Remove the incubation medium from the culture plates (see notes 1 and 2). 

2.   Add 1 ml of 4% PFA fixative solution to each well. 
Prepare 2x concentrated solution of test compound in normal growth medium. A total volume of 700 (l per well is required 

3.  
Incubate for 10 minutes at RT.

4.   Remove the fixative solution.

5. 
Gently rinse the formaldehyde-fixed cells with 1 ml PBS twice, in order to remove residual formaldehyde. 
6.2. Sudan Red III staining

1. 
Subsequently wash the fixed cells twice with 1 ml propylene glycol. 

2.  
Add 1ml Sudan Red III solution to each well and incubate 7 minutes at RT.  
Prepare 2x concentrated solution of test compound in normal growth medium. A total volume of 700 (l per well is required 

3.  
Remove Sudan Red III solution.

4.   Add 1ml 85% propylene glycol instead and incubate for 3 minutes (RT).

5. 
Remove 85% propylene glycol. 

6.   Rinse each well with 1 ml distilled water.
6.3.  Hematoxylin nuclear counterstain

1. 
Add 1 ml haematoxylin solution and incubate 3 minutes.

2.
Remove haematoxylin solution.
3.  
Wash once with 1 ml distilled water and twice with 1 ml tap water (see note 3). 
4.   Image the plate using a light microscope.
7. Health safety and environment

Gloves and a laboratory coat must be worn by the operators when performing the described procedure. All the materials utilized for cell cultures must be discarded according to appropriate procedures for special biological waste. Please handle all of the reagents using good laboratory practice and dispose of them in accordance with local regulations. Note that paraformaldehyde is a potential carcinogen.
8. Notes

1.
Cells are plated a density of 57x105 cells/cm2 and cultivated on 6-well culture dishes with 1.4 ml of cell culture medium per well. 

2. 
The exposure to the tested compound starts at day 1 (16 h after cell isolation) and should be continued for at least 24 h. Note that 24 h of exposure is absolute minimum and usually 48 or even 72 h of incubation is required in order to observe the effect of the tested compound. 
3. 
Repeat washing step with 1 ml tap water till blue-stained nuclei are well visible.
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